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Organism:	  Dolichovespula	  arenaria	  
•  Colonies	  are	  annual.	  
•  Colonies	  have	  100-­‐600	  workers	  when	  mature.	  
•  Workers	  can	  lay	  male	  eggs.	  
•  Queens	  police	  worker	  eggs	  (K	  Loope,	  pers	  obs).	  
•  Queen	  killing	  has	  been	  observed	  in	  this	  genus	  (Akre	  1992).	  
•  Colonies	  vary	  greatly	  in	  reproducMve	  sex	  investment.	  
Predic4ons	  
From	  Bourke’s	  inclusive	  ﬁtness	  model	  of	  matricide	  (Bourke	  1994):	  
Queens	  should	  be	  killed	  by	  reproduc4ve	  workers	  
Reproduc)ve	  workers	  have	  a	  lower	  threshold	  beneﬁt-­‐to-­‐cost	  ra)o	  because	  they	  are	  
more	  related	  to	  the	  males	  produced	  a9er	  matricide	  than	  are	  “normal”	  workers.	  
Test:	  	  Observe	  matricide	  in	  marked	  colonies	  
	  
	  
Queens	  should	  be	  killed	  by	  foreign	  workers	  
Socially	  parasi)c	  workers	  from	  foreign	  colonies	  (if	  they	  exist)	  should	  kill	  a	  queen	  
because	  they	  are	  not	  related	  to	  her	  oﬀspring	  but	  beneﬁt	  from	  reduced	  policing.	  
Test:	  	  Genotype	  workers	  in	  matricide	  colonies	  
	  
	  
Workers	  should	  kill	  male-­‐producing	  queens	  	  
If	  the	  queen	  is	  only	  producing	  males,	  the	  cost	  of	  killing	  is	  low,	  since	  she	  will	  produce	  no	  
females	  if	  not	  killed.	  	  It	  has	  been	  suggested	  that	  some	  Dolichovespula	  queens	  may	  run	  
out	  of	  sperm	  (Stein	  &	  Fell	  1996).	  	  In	  addi)on,	  there	  is	  high	  varia)on	  between	  colonies	  in	  
sex	  investment	  ra)o	  (unpub.	  data).	  	  Montagner	  (1966)	  reported	  worker	  killing	  of	  
irradiated	  queens	  laying	  only	  male	  eggs	  in	  another	  wasp,	  Vespula	  germanica	  
Test:	  	  Experimentally	  alter	  brood	  sex	  ra4o	  
	  
	  	  
Why	  should	  workers	  kill	  their	  queen?	  
•  Workers,	  in	  some	  colonies,	  sMng	  the	  queen	  to	  death	  (Akre	  1992,	  Bourke	  
1994,	  T.	  Wenseleers,	  personal	  comm.).	  
•  This	  may	  be	  the	  result	  of	  evolu4onary	  conﬂict	  between	  queens	  and	  workers	  
over	  who	  produces	  a	  colony’s	  males	  (Bourke	  1994).	  	  	  
•  Workers	  gain	  relatedness	  beneﬁts	  from	  rearing	  their	  own	  sons,	  and	  other	  
workers’	  sons,	  instead	  of	  the	  queen’s.	  	  	  
•  Matricide	  is	  a	  trade-­‐oﬀ,	  given	  the	  high	  costs	  to	  the	  workers	  from	  ending	  
producMon	  of	  new	  workers	  and	  queens.	  
	  
Results:	  Descrip4on	  of	  matricides	  
	  	  
	  
	  
Observa4onal	  Setup	  
•  Colonies	  observed	  from	  pre-­‐reproducMve	  phase	  (June)	  unMl	  decline	  (Aug	  –	  
Sept)	  in	  2010	  (5x)	  ,	  2011	  (5x)	  ,	  2012	  (11x)	  and	  2013	  (10x).	  
•  Matricides	  detected	  from	  daily	  checks	  and	  review	  of	  	  
	  conMnuously	  recorded	  video.	  
	  
	  
	  	  
Young	  
colony	  
•  Queens	  anestheMzed	  with	  CO2	  (~8	  minutes	  total)	  
•  Slit	  membrane,	  pulled	  up	  oviduct,	  removed	  spermatheca	  
•  8	  of	  12	  spermathecetomy	  queens	  recovered,	  laid	  eggs,	  and	  survived	  >4	  weeks	  
	  	  
	  
	  
Queen…	   #	  
…survived	  unMl	  decline.	   15	  
	  …was	  killed	  by	  workers.	   3	  
…died	  but	  not	  killed.	   1	  
…fate	  unknown.	   2	  
•  Two	  matricides	  occurred	  at	  the	  start	  of	  the	  reproducMve	  stage.	  
•  One	  matricide	  occurred	  near	  end	  of	  decline	  stage	  (no	  reproducMve	  future).	  
•  Each	  queen	  killed	  by	  a	  single	  worker	  with	  a	  sMng	  to	  the	  abdomen.	  
•  In	  one	  early	  matricide,	  workers	  were	  paint-­‐marked.	  	  This	  queen	  was	  killed	  by	  
a	  reproduc4ve	  worker	  (1	  of	  3	  in	  colony	  of	  ~90	  workers).	  
	  	  
	  
	  
Results:	  Do	  workers	  kill	  queens	  laying	  only	  males?	  	  No!	  
Conclusions	  
1.  	  Matricide	  is	  uncommon	  (3/21	  colonies).	  
2.  	  Matricide	  is	  likely	  due	  to	  conﬂict	  over	  reproducMon	  
(known	  killer	  was	  reproducMve).	  
3. Killers	  are	  not	  social	  parasites	  from	  foreign	  colonies.	  
4. Killing	  is	  not	  facultaMve	  based	  on	  only	  the	  sex	  raMo	  of	  
the	  brood.	  
5. VariaMon	  in	  matricide	  is	  sMll	  a	  mystery.	  	  Queen	  
fecundity	  is	  an	  untested	  factor	  worthy	  of	  study.	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  Workers	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  Workers	  produce	  many	  males	  
	  	  	  	  	  	  Costs:	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  more	  new	  workers	  or	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Results:	  Are	  killers	  foreign	  workers?	  No!	  
	  •  Genotyped	  all	  workers	  from	  two	  matricide	  colonies	  
•  All	  workers	  had	  genotypes	  consistent	  with	  being	  daughters	  of	  the	  killed	  
queen.	  
•  All	  13	  queens	  survived	  for	  >28	  days	  (	  development	  from	  egg	  to	  pupa	  takes	  ~17	  days).	  	  	  
•  All	  spermathecectomy	  colonies	  produced	  male	  pupae	  in	  this	  period.	  
•  A	  strongly	  male-­‐biased	  brood	  does	  not	  induce	  matricide.	  
Queen…	   Spermathec-­‐ectomy	   sham	  surgery	  
…survived	  >28	  days.	   8	   5	  
	  …was	  killed	  by	  workers.	   0	   0	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